(12) INTERNATIONAL AP1*HCAT10N PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
12 June 2003 (12.06-2003) 




(10) International Publication Number 

PCX wo 03/048078 A2 



(51) International Patent Classification^: C07B 

(21) International Application Number: PCT/EP02/ 13499 

(22) International Filing Date: 

29 November 2002 (29.1 1.2002) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

01 128403.1 4 December 2001 (04.12.2001) EP 

(71) Applicant (for all designated States except US): ROCHE 
VITAMINS AG [CH/CH]; 124 Gienzacherstrasse, 
CH-4070 Basle (CH). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BONRATH, 
Werner [DE/DE]; Luckenbachweg 29, 79115 Freiburg 
(DE). LEVEQUE, Jean-Marc [FR/FR]; Batiment "Le 

Solarium", 12, boulevard Guy de Maupassant, F-73100 
Aix-Les-Bains (FR). LUCHE, Jean-Louis [FR/FRl; 
9, boulevard Jomardiere, F-38120 Saint-Egreve (FR). 
PETRIER, Christian [FRyFR]; 231, rue de Caramagne, 
F-73000 Chambery (FR). 



(74) Agent: MUELLER, Ingrid; 124 Grenzacherstrasse, 
CH-4070 Basle (CH). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE. DK, DM, DZ. EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG. 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ. UA, UG, US, UZ, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, H, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPI patent (BF, BJ, CF. CG, CI, CM, GA, GN, GQ, 
GW, ML. MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



BEST AVAIUBLE COPY 



< 

00 

00 

(54) Title: PRODUCTION OF IONIC LIQUIDS 

(57) Abstract: A process for the manufacture of ionic liquids by an anion exchange reaction of a quaternary ammonium, phospho- 
nium, imidazolium, or pyridinium halide, providing the appropriate cation component, with an acid or a salt thereof, providing the 
appropriate anion component, involves carrying out said reaction under ultrasonication. Ionic liquids belong to a known class of 

chemical compounds and are useful as solvents for organic syntheses; they are of particular interest in view of their capability of 
replacing classical solvents and avoiding the toxicological and disposal problems associated with such latter solvents. 
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Production of Ionic Liquids 



The present invention relates to a process for the manufacture of ionic liquids by a 
technique not previously employed for this purpose. 

5 The term "ionic liquid" denotes a salt that is a liquid at temperatures of about 100°C 

or below, i.e. the salt has a melting point of up to about 100°C, and consists only of ions. 
Ionic hquids belong to a known class of chemical compounds and are useM as solvents for 
organic syntheses. Ionic liquids have gained particular interest in view of their capability of 
replacing classical solvents which themselves can cause toxicological and disposal 
10 problems; by using ionic Uquids instead of such classical solvents, these problems can be 
avoided. 

Ionic liquids are known to be producible by anion exchange, e.g. by reacting a 
quaternary ammonium halide, featuring the cation component, with an acid or a salt 
thereof which provides the requisite anion component of the ionic liquid [see, for 
15 example, Chem. Rev. 99, 2071-2083 (1999) and Angew. Chem. Int. Ed. 39, 3772-3789 
(2000)]. However, these known procedures are lengthy and generally result in reaction 
products which require purification. Due to the non-volatile nature of ionic liquids such 
purification cannot be accomplished by distillation but requires more elaborate 
procedures such as treatment with ion exchangers or extended treatment with charcoal. 

20 In accordance with the present invention it has been found that that the production 

of such ionic liquids by anion exchange can advantageously be effected when carried out 
under ultrasonication. Compared with the prior art processes, the process of the present 
invention simpUfies the manufacture of ionic liquids inasmuch as the process results in 
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ionic liquids which can be isolated from the reaction mixture in satisfactory purity by 
filtration and removal of the solvent, if used. 

Thus, the present invention is a process for the manufacture of ionic liquids by an 
anion exchange reaction of a quaternary ammonium, phosphonium, imidazoUum or 
pyridinium halide, providing the appropriate cation component, with an acid or a metal 
salt thereof, providing the appropriate anion component, of the ionic liquid, wherein said 
reaction is carried out imder ultrasonication. 

Of particular interest for production by the process of the present invention are 
ionic liquids wherein the cation is a quaternary ammonium, phosphonium, imidazohum 
or pyridinium cation, for example tetraalkylammonium, e.g. tetra(n-butyl)-ammonium; 
tetraalkylphosphonium or phosphonium featuring both alkyl and aryl (particularly 
phenyl) groups, e.g. triisobutylmethylphosphonium, trihexyl-tetradecyl-phosphonium or 
triphenyl-octyl-phosphonium; N,N'-dialkyl-imidazolium, e.g. l-ethyl-3- 
methylimidazolium, l-(n-butyl)-3-methylimidazolium or l-methyl-3-(n-propyl)- 
imidazolium; and N-alkyl-pyridinium or N,4-dialkyl-pyridinium, e.g. l-(n-butyl)- 
pyridinium or l~(n-butyl)-4-methylpyridinium, respectively. Where alkyl occurs in such 
cations this is generally alkyl containing 1 to 14 carbon atoms and which maybe straight 
or branched chain. 

Typical examples of anions of the ionic liquids produced by the process of the 
present invention are tetrafluorob orate (BF4"), hexafluorophosphate (PF6 ), 
hexafluoroantimonate (SbF6"'), nitrate, bisulphate (hydrogen sulphate), tetraphenylb orate 
[B(C6H5)4"], thiocyanate, acetate, hexyltriethylb orate, trifluoromethylsulphonyl, 
nonafluorobutanesulphonate, bis [ (trifluoromethyl)sulphonyl] imide, 

tris[(trifluoromethyl)sulphonyl]methide, trifluoroacetate and heptafluorobutanate, as well 
as anions based on chlorides and other halides of aluminum, copper, manganese, lead, 
cobalt, nickel or gold, e.g. tetrachloroaluminate (AICU"), heptachlorodialuminate (AI2CI7 ) 
and tetrachlorocuprate (CuCU and CUCI4 ). 

Any combination of one of ihe above-mentioned cations with one of the above- 
mentioned anions gives an example of an ionic Uquid which can be produced by the 
process of the present invention. Such examples are l-ethyl-3-methylimidazoHum 
tetrachloroaluminate, l-(n-butyl) -pyridinium nitrate, tetra(n-butyl)-ammonium acetate 
and l-ethyl-3-methylimidazolium hexafluorophosphate. 

The anion exchange reaction itself (not involving the inventive ultrasonication 
aspect) is known in the art and is described in several publications, including review 
articles, e.g. Polyhedron 15, No. 7, 1217-1219 (1996); J. Chem. Tech. Biotechnol. 68, 351- 
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356 (1997); Chemistry & Engineering News March 1998, pp. 32-37; Chem. Prod. andProc. 
1, 223-236 (1999); Chem. Rev. 99, 2071-2083 (1999); Angew. Chem. 112, 3926-3945 
(2000) and its international edition Angew. Chem. Int. Ed. 39, 3772-3789 (2000); and 
earHer references mentioned in these articles. As also indicated above, ionic liquids are 

5 generally produced by reacting a halide, particularly chloride but also bromide or iodide, 
of the quaternary ammonium, phosphoniima, imidazolium or pyridinium cation, with an 
acid featuring the anion component, or a group I metal, particularly an alkah metal or 
silver, or ammonium salt thereof. Examples of said acid or salt are fluoroboric acid 
(HBF4), hexafluorophosphoric acid (HPF6), ammonium hexafluorophosphate 

10 (NH4^PF6'), trifluoromethanesulphonic acid and Lewis acids supplying the 

aforementioned halides of boron, aluminum, copper etc., e.g. boron trifluoride and 
aluminum trichloride. 

In a preferred aspect the present invention is concerned with the manufacture of 
ionic liquids wherein the cation is an imidazolium or pyridinium cation, particularly 1- 

15 ethyl-3-methylimidazolium, l-(n-butyl)-3-methylimidazolium or l-methyl-3-(n-propyl)- 
imidazolium, or, respectively, l-(n-butyl)-pyridinium. The preferred anions of the ionic 
liquid are tetrafluoroborate, hexafluorophosphate and trifluoromethanesulphonate. Thus, 
the reaction preferably involves reacting an imidazolium or pyridinium halide, particularly 
a l-ethyl-3-methyUmidazolium, l~(n-butyl)-3-methylimidazolium, l-methyl-3-(n- 

20 propyl) -imidazolium or l-(n-butyl) -pyridinium halide, with a tetrafluoroborate or 
hexafluorophosphate, e.g. ammonium, an alkali metal or silver tetrafluoroborate or 
hexafluorophosphate, or a trifluoromethanesulphonate, e.g. ammonium trifluoro- 
methanesulphonate, under ultrasoni cation. The halide of the reactant providing the cation 
component is preferably the chloride, although the bromide or iodide may also be used. 

25 The alkali metal cation of the salt reactant (if not an acid) providing the anion component 
maybe lithium, sodium, potassium or cesium; however, the cation of said salt reactant is 
preferably silver or ammonium. 

Suitably, the process of the present invention is carried out in an anhydrous solvent 
medium under a dry atmosphere, i.e. with as much exclusion of moisture as possible. 

30 However, the use of a solvent is not essential. Suitable solvents are organic solvents which 
are inert to the reactants and the desired reaction product, i.e. the ionic liquid, and in 
which the ionic liquid is soluble. Suitable such solvents are aliphatic ketones, e.g. acetone 
and diethyl ketone, and aliphatic, alicychc or aromatic hydrocarbons, e.g. heptane, 
cyclohexane or toluene, respectively. The employed solvent is suitably anhydrous to the 

35 extent of at least 99%^ i.e. contains no more than 1% water (volume %). For the 

manufacture of ionic Uquids wherein the cation is an imidazolium ion dry (anhydrous) 
acetone is preferably used as the reaction solvent. 
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The reaction is conveniently carried out at temperatures from about O'^C to about 
40°C, preferably from about 10*^0 to about 30°C, and most preferably at about room 
temperature. Accordingly, the reaction is suitably carried out with cooling so as to absorb 
the excess heat produced by the ultrasonication. 

5 The molar ratio of the employed reactants quaternary ammonium, phosphonium, 

imidazolium or pyridinium halide : acid or salt providing the required anion is 
conveniently about 1 : 1 or up to about 1 : 1.1, i.e. featuring up to an about 10% molar 
excess of the acid or salt. In respect of the amount of solvent, if used, this is such that the 
ratio of solvent to the aforementioned halide reactant is conveniently from about 0.5 to 
10 about 10 ml of solvent : 1 mmol of the halide reactant. 

The ultrasonication can be carried out using conventional equipment for 
ultrasonication in general at a frequency of at least about 20 kHz, preferably at frequencies 
from about 20 kHz to about 100 kHz, most preferably from about 30 kHz to about 50 kHz. 
The acoustic power output, although not narrowly critical, should be such as to exceed the 
15 cavitation threshold in the reaction mixture or medium. A power input of about 150 W to 
about 300 W has been found to be convenient. An example of an ultrasonifier (ultrasound 
apparatus) which may be employed is the Branson Model 250/450 Sonifier®, available 
from Branson Ultrasonics Corp., Eagle Roar, Danbury, CT 06810-1961, USA. 

The progress of the ion exchange formation of the ionic Uquid can be monitored, e.g. 

20 by measuring the electrical conductivity of the reaction mixture which, in general, changes 
during the ioii exchange reaction and reaches a plateau on completion of the reaction. 
Another option to determine the progress of the ion exchange formation of the ionic 
Uquid is by infrared spectroscopy. Such analytical methods are conventionally used in 
observing the progress of chemical reactions. Once the ion exchange reaction is complete 

25 the ionic Uquid may be isolated by filtering off the halide formed in the reaction and 
evaporating the solvent, both being conventional isolation methods. 

The foHowing Examples illustrate the present invention. 
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Example 1 

To 5.23 g (30 mmol) of l-(n-bu1yl)-3-methylimidazoliuin chloride [prepared from 
1-methylimidazole and n-butane chloride in toluene as described in Polyhedron, 15, 1217- 
1219 (1996)] and 30 ml of dry acetone there were added 30 mmol of ammonium 
tetrafluoroborate under an argon atmosphere in an ultrasonic reactor (Branson Model 250 
Sonifier®) equipped with a cooling jacket, a cryostat, an argon balloon and an inlet tube 
for introducing the reaction solution and for taking samples to a conductimetric cell for 
measuring the conductivity throughout the experiment. The conductivity was measured 
with a Tacussel CDRV 62 conductimeter (Tacussel electronique, 72, rue d' Alsace, F-69627 
Villeurbanne, Cedex France). The resulting slurry was irradiated using an Ultrasons 
Annemasse generator (Ultrasons Annemasse S.A., F-74103 Annemasse, Cedex France) at 
30 kHz for 1 hour at 20-24^*0, the cooling bath temperature being 5°C, The conductivity of 
the reaction mixture increased during the reaction up to a value of 65 milliSiemens (mS). 
After 1 hour, no further substantial increase of the conductivity was observed, so that the 
reaction was taken to have gone to completion. The contents of the reactor were filtered, 
the solvent evaporated off under reduced pressure, and the produced ionic Uquid, l-(n- 
butyl)-3-methylimidazolium tetrafluoroborate, recovered in 80-90% yield as a pale yellow 
to orange coloured liquid. 

In a comparative experiment using the same starting materials but wherein the 
reaction mixture was stirred instead of being ultrasonicated a reaction tune of 30 hours 
was required to obtain a 80-90 % yield of the desired ionic Hquid, the product in this case 
having a dark brown colour. 

Example 2 

In analogy to Example 1 but using ammonium hexafluorophosphate as the reactant 
providing the anion for the ion exchange there was obtained l-(n-butyl)-3- 
methylimidazoHum hexafluorophosphate in 80-90% yield as a pale yellow to orange 
coloured liquid. 

Example 3 

In analogy to Example 1 but using ammonium trifluoromethanesulphonate as the 
reactant providing the anion for the ion exchange there was obtained l-(n-butyl)-3- 
methylimidazoUum trifluoromethanesulphonate in 80-90% yield as a pale yellow to 
orange coloured liquid. 
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Claims 

1. A process for the manufacture of ionic liquids by an anion exchange reaction of a 
quaternary ammonium, phosphonium, imidazolium, or pyridinium halide, providing the 
appropriate cation component, with an acid or a salt thereof, providing the appropriate 

5 anion component, of the ionic liquid, wherein said reaction is carried out under 
ultrasonication. 

2. A process according to claim 1, wherein the cation component of the halide is an 
imidazolium or pyridinium cation, preferably a l-ethyl-3-methylimidazohum, l-(n- 
butyl)-3-methylimidazolium or l-methyl-3-(n-propyl) -imidazolium halide, or 

10 respectively, a l-(n-butyl)-pyridinium halide. 

3. A process according to claim 1 or claim 2, wherein the halide is the chloride, 
bromide or iodide, preferably the chloride. 

4. A process according to any one of claims 1 to 3, wherein the anion component of 
the acid or the salt thereof is tetrafluoroborate, hexafluorophosphate or trifluoromethane- 

15 sulphonate. 

5. A process according to any one of claims 1 to 4, wherein the cation component of 
the acid or the salt thereof is ammonium, an alkali metal or silver, preferably ammonium 
or silver. 

6. A process according to any one of claims 1 to 5, wherein the ultrasonication is 
20 effected at a frequency of at least about 20 kHz, preferably at frequencies from about 20 

kHz to about 100 kHz, most preferably at frequencies from about 30 kHz to about 50 kHz. 

7. A process according to any one of claims 1 to 6 wherein the reaction is carried out 
in an anhydrous solvent medium imder a dry atmosphere. 

8. A process according to claim 7, wherein the solvent is an organic solvent which is 
25 inert to the reactants and the desired reaction product and is an aliphatic ketone or an 

aliphatic, aUcyclic or aromatic hydrocarbon. 

9. A process according to claim 8, wherein the solvent is acetone, diethyl ketone, 
heptane, cyclohexane or toluene. 

10. A process according to any one of claims 1 to 9, wherein the reaction is carried 
30 out at temperatures from about 0°C to about 40^C, preferably from about 10°C to about 

SO^'C, most preferably at about room temperature. 
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IL A process according to any one of claims 1 to 10, wherein the molar ratio of the 
employed reactants quaternary ammonium, phosphonium, imidazolium or pyridinium 
halide : acid or salt is about 1 : 1 to about 1:1.1. 

12. A process according to any one of claims 7 to 1 1, wherein the ratio of the solvent 
to the quaternary ammonium, phosphonium, imidazolium or pyridinium halide reactant 
is from about 0,5 to about 10 ml of solvent : 1 mmol of the halide reactant. 
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(54) Title: PRODUCTION OF IONIC LIQUIDS 

2 (57) Abstract: A process for the manufacture of ionic liquids by an anion exchange reaction o1^ quaternary ammonium, phospho- 
nium, imidazolium, or pyridinium halide, providing the appropriate cation component, with an acid or a salt thereof, providing the 

Q appropriate anion component, involves carrying out said reaction under ultrasonication. Ionic liquids belong to a known class of 
chemical compounds and are useful as solvents for organic syntheses; they are of particular interest in view of their capability of 

^ replacing classical solvents and avoiding the toxicological and disposal problems associated with such latter solvents. 
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